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(54) METHOD FOR REDUCING CROSSTALK OF OPTICAL SWITCH 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a digital optical 
switch which reduce crosstalk and does not increase the 
complexity of control over a switch array. 
SOLUTION: This optical switch has first and second 
branches 14 (14-1, 14-2) have refraction quantity mmm*** 
control parts 30 (30-1 and 30-2) and absorption quantity 
control parts 32 (32-1 and 32-2) and an optical signal 
path which includes part of at least one of the 1st and 
2nd branches 14 where optical signals are propagated, 
and one of the 1st and 2nd branches 14 is selected 
while the other is not selected; and at least one of the 
refraction quantity control part 30 of the selected 
branch and the refraction quantity control part of the 
unselected branch is so constituted that the optical 
signals can be propagated along at least part of the 
selected branch. 
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(57) mm 

mm^m imwmmft 3 0 t mmamatft 3 
2 £*mT%fg 1 £H2 1 4 1, yt&mm** 
c*Qit«ifli3»i tl2©77yf 1 4©'>&<i 

fc— «**t?)!£36ra^Xfc*#U luteal t 




[4#gFff*©SSH] 

(b) mmmR^^vrnffimfamuftt, mmim 
M^^commmmfflBftcD'pft^ £$>-mt, MfB 

(C) tWB^^^OKiDUiftiJfWas^SFlSftiRU 

(d) i/nEam&79>*<DMmmmto&ittsi u*< 

[n*3S2] MfB^X^-yTHi, Yi^VfX^ 

>y^t LT«frr*c t*mmt?&m&m 1 ©t^ 

[W*«3] MIB^X-Y^tt, ftfa&ijy^tL 

ffftam 1 77Vfti2/'7^^ ^n^nm i ®ik 

•TSW^l ©73}£o 

[it** 4] Mta (o ©x-r-yyii, mmmny^ 

[91**5] MfB (D) OXfyytl MfB^«R7* 

m^mei mm co , cd) oxt?^ 
ttzm&mi ©7m. 

[If** 7] MfB (X) ©Xf-y^li, KlKfi*iJ©g|3 

Hh**8] MfB (C) , (D) (DX^-yyti. MfS 

(electro-absorptive technique) ^fflV^T^fiSct" 
SX^-y y*AtfC £*W«fc-r*IS#« 1 ©73&0 
[ff**9] MfB (B) ©Xir-y:/{± N 

(y) msMBmsmm»(o^ik < 1 u r 

SHW&m«ffl ^Tiit S Xt- -y 7*-S*f C ZkW& fc 
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[If**l 0] MfB (Y) OXf7 7"lt JBSrMPffl 

fcaws-r *j«?3 fo/ w rx $ rife ^-r F«m 

tc * U 7 ^ Af £ X -r -y 7tf$& C £ ttW® £ T % 
if**9©73?£o 

mxmi i] iwb (y) ©x^yp'tts a*a«MP 
s a»73iRi/w r x $ nfc *v vmm 

W^t'J7^yi/->3y 2*5Xf7 

r*-&trc t ttmuz -ram** 9 ©73&, 

IWtttmi 2] MfB CB) ©Xf-yT'B, SJfflfW 
■B^ISJJfS^ (electro-refractive technique) ^rfflt^ 

>y ^^a-tfc; t ^#isci:-r§f»*3S 1 ©7m, 
[w**i 3] (a) mfimwtm& 00 tRux 

imWd (3 2) &&*-rSgl ££2 7?:/*- (1 
4) fc, 

(B) 3t*«W*C«Slt8«ISaj|l tS2«77 

(14) ©'>*< t 73©— gp^mt^fi^ 
xtfr&ftt), MfBm £m2©y-9v^©-73t±, a 

MfBa^^^ >"?-(D®ifT&fflffl%Sft £ MfB^^a^^^ v 
7^©M/f»Wg|5?i-©'>% < £fc-73^s MfB3I#?:/^ 

mi mamiemmstu 

iRttmx±©m 2 i^7i/©fsnx^Ts sm 2 wmm 

50 [|fl*3Sl 4] MfBT^Xi'-y^i, YI777fX 
-(-yftlTllfFtSilt^a^tSifSl 3©X 

-r-y^„ 

[W*3S1 5] sSE^X^yfa, Ts-lRlttTJ^^i: 

mibm 1 7*7>f ti2 77>fa, ^n^tmiesiK 
iaw^ £ n 2 !rir« wmap^w-r a c t t 
-rsii^jsi 3©x-f-yg L 0 

[SB*5ll 6] Iffil^yfCSl £H2©KiK 
40 £?&m$V%l 5©X-r-y^ L <! 

[it*3S 1 7 ] mm^miy^^f-com 1 tmz<om. 
HK^teSfig-rsct^wmt-rsn^i 5©x-Y-y 

3ff*3H 3©X-r>yf L 0 

[IS** 1 9 ] MG«iRS««W^O^ < £ t -73 
liv m^JH73 IrM U7X? tlfc F*itf*tca 
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mim 2 o ] tMBRitsa»ijw»»o'>* < t 

t-T 5111*911 3W7f„ 
OS** 2 1 ] 8HEH««M»«5#©4>* < £ fe-* 

im&m 2 2 ] MfB^+ v TVtmtMOi. mmmmm 
* f y 7 *a A-r * c t c t «mR £ -r « 

JR2 1 CDX^-y^ 0 

[iRsra 2 3 ] mm* ■* u 71»mi±, afiw 

»*S2 1 <£>X^>y^ 0 

hb#* 2 4 3 mmmmmiftKLttf&irz 94 f 

MmmcW'WTXttMfZmtmffi&ffi (electro-re 
fractive technique) %m^Tffii3MffiMtfrm : e$ftC>'P 

X-i'-y^o 

[n*3S2 5] (a) mK±Km&i*tiitmmm»m 
(b) MfH (a) mmmmmmssmiicmisthxs^R 

m#m 2 e i mEmmmmmmto t WGuum»& 
m*m 2 7 1 Mzmmmmffi* t mmnm®& 

m$m 2 8] ( D ) ^{l^Tb^ C ^rg»-r 5 MIS 
fill £m2©:/^>:HD'>%< £ fe— g|5^-g-t?^ 

Miami ^^2^^v5 L tD-^af?^v^tL 
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U 

WBWi^V^(OaRil5«lW«»5} , l4. fill 

i m.mm\c u 

m&m 3 o ] tmmMammm&a&tt < £ 
7ttfrtt%mmwmm*m^Tmi&?%> c £&mi 

£ir?>mMmz 5©X^-y^-„ 

3 i ] Kjejssfsffjwap^o^* < a 

H*]S2 SCOX-f-y^-o 

m^m 3 2 ] WI3^ ■¥ U 7-K#^«s ®#TS$iJ» 

JK3 1 ©X-T-y^o 
C3fi*« 3 3 ] buIB* -V y 7i#M(t HStSWJ® 

V 7*ttS?«Ctm<: £J£!Wm£-f2> 
H*3S3 1 ©X-r-y^o 

C»*JH 3 4 ] JBftBfMNtf =i— F 
«m K l;U7X^W5 tt»®*/f«1® (elect ro-r e 
fractive technique) ^ffl^T!Si3®*TfiffiJ®aP#4>4 > 

X-f<y^„ 

[M**3 5 3 (a) *n*ti36i«msf«i!ifpais»'t* 

n^Wf-S-y^-b-y h«r#-r^l«*ScO^¥X^-yf-i:, 

( b) 3t¥flreai«x-f -y ^ws^frssmE* 1 2 

i/*f-<0'p-& < i: fe— /aO-gp^-g-ty^'d^y^x 

wm&zx-iymmi £m2<D-7^zs=?-(D-MrmR 

t.— »te»oT)te¥«^«MS»1f «fc d 1 ^® 

50 1 ^iRmitc u 
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36ftSf a«»ffi«-r a j; -5 na c t t -r a m 

*313 5<9X^y^Jo 
!i*3S3 SOX>f y^JUo 

[0 0 0 1] 
[0 0 0 2] 

^/St^T InGaAsP/In P<?))t#f>WXt^ 
[0 00 3] InP^X^^W^^ii, 

LiNbo 3 T?*s*nat><o«fcDtt«fcD/j^^ ±^ 

*X>f *y *-JtMHB/*-rs to teffiS^Sttr^X fc £ D * 
X^ 1 5 d BOT<7)^ittift#ft^)^ 

— KS&K (normal mode excitation) ^^fW^aifrg^ 

[0 0 0 4] CtDffi^WiE^- KOjE*fi»r*«* 
07yn-fl4, /ha*lll!IWft"e5mmW±OJtlW9« 
t^-r/W X^ffl^T7fV7^f^ *y ^ (adiabatic, 

[0 0 0 5] Yl^y^r^^/l/^^ y f 
*Sfcli5fe*ffiWrSK*^ »^<£>J£« (shapin 
g) iSffrt&oT^So f^*W%^l3ff^ H. Okaya 
ma, M. Kawahara ''Reduction of Voltage-Length P 
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roduct for Y-branch DigitalOptical Switch/ 7 Journa 

1 of Lightwave Technology, Vol. 11, No. 2, pp. 379 
-387, February, 1993£ N *5cfctf W.K. Burns M<T) "Sh 
aping the Digital Switch/' IEEE Photonics Technolo 
gy Letters, Vol.4, No. 8, pp. 861-863, August, 199 

2 ts M.N. Khan et al.#<£> "Design and Demonstrati 
on of Weighted-Coupling Digital Y-branch Optical 
Switches in InGaAs/lnGaAIAs ElectronTransfer Waveg 
uides, " Journal of Lightwave Technology, Vol. 12, 

]0 No. 11, pp. 2032-2039, November, 1994 ICfBRSftT 

^a 0 

[0 0 0 6] £tl^^(D{&<DByiW£i (shaping desi 

gns) tt, — ^OSaPWiEW^r-Ktx r^E-Kfc* 
S#bTL£^Wca6^nx h-^Sft^MldE^fic 

[0 0 0 7] foils, coiesBfflcoSStSWttx -2 
x ^ &%<o x 4 v ^m&mn l a w-ntf* 5 * 

0\> 21«)ffi3raiSaaatBi4 % K. Padmanabhan, A.N. Net 
ravali if£) "Dilated Networks for Photonic Switchi 
ng," IEEE Transact ionson Communications, Vol. COM- 
35, No. 12, pp. 1357-1365, December, 1987tcfB«£ 

[0 0 0 8] LfrU Cl^S^X^^y^g^riiiJPTaei 

jo fctt^ ^©x^y^©»**iiwip«*«««-'tfa<x 
[0009] ^m^u-^mmm^f-h^^^yy 

M-3 0 d BttT©*-^-T?«t D gjf ft^PX I— 
ii^SKSt (amplified spontaneous emission (AS 

e) ) ^litt^px b-^^Ap-raci^^^ao 
[ooio] £^c£7c s x>fy^5iJrtT*9— ftttfUi: 
<SV > »ffitt > fiSc#ttffl^ (polarizationdependent loss (P 
DL) ) ify^PXb^^fiMtSCiliS 

tt^^^»M«^P^^> / ^ya:--XT^aSSS* 
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[0 0 1 1 ] 

mmt>mm l a $ 1 1 s no l fc # o t#3?h)!© g 
wtts $£5k<Dmmm<r>T'/zi-i-&%^mB two 

nXh-^{£M2^©A£££%&n£#SJ:£:S: 
[0 0 1 2] 

torn mmmtis & rz immmmitrnftttm 

y&gsx-f y ^t±, JBSfSMIPWd- 5RHXS MflfflKhon 

wwasaMu o Titers s * 

[ooi 3] —xmtmMWfflftte, yt^mmfy^y 

tWDXb-^^fistsit, x-f^©A^£. x 
5 x 1- y T-mcomwcomm-z &maz «<:t4<M 

[0 0 14] ®^gM»8|5#©S«T^©S{fc;H:, 
H#^l*I©*?MCiia6i>'^;l/^^* (quantum confin 
ed Stark effect (QC S E) ) k.'Vl/Zttl&ficOy? 
yyWf-f9i'a (Frans-Keldysh) 8b^©<}; 

qc s ES5i/ i (i7'7y'yy;vf^7>'aM©i^4 

[0 0 1 5] C10«^®SfSW*<fetf« : P«lRSW«x 

■rs/iM73[p]^WTx$tifc^-Ysi— vmmmc^ u 

T^aEA-T?- (injecting) Cfcfcj;!?, ifeSWifflSr 
*#]«W»©3J!*lfllli:/ W 7XS ftfc #V K«Bfi* 
fr<5>^-¥ U T^MK) B&< Sfciittff S-tfS (depletin 

g) cfctfj&gT&So v^ymvm^&zmmm 
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[0 0 16] *§ffiite&tli£. Y1^7>fX^7f 

&0?7>fli, »&SP»»c|»SfL, »SLBcj&ssn 

?RlK«ftiJ®a5^i:*3«t:tfffifir)ep^a, I nGaAsP/ 
InP, InGaAs/InAlAs, AlGaAs/ 
G a A s &3VH±ffi©M3&S?#Ffe3l,"'fc3:/ , W/^© 

¥*tttm*ffi<r->fc p - i - n F*6fif*«£ja 
[0017] coy^-y^-commmmm^it, ^©t 

20 <1 tUc * •? X-Y y LtffiiO)t¥«f;V-f-f 

©T©BM2§»l^i: fcfcKfFLT, X-T y ^©3ftl 
y=^K ®iK£r# At" « dticJcD^PXh-y-S: 
ffiM-rs*\ a5St->l±W7j©^v^fc?RiR?r»A'r5 

[0 0 18] X-T7f©Sl77yf«i 

30 mtav. ^axh-^^rfgM^-arSo lx20Yi^7 
vfoWfW/MWX'f yftt, <tt)A*^i x 
N, Nxi, NXM, NxN©X^y^^«^-r§|^ 

[0 0 19] FU^tf. ±fH©YM^>^X-ryg L %4 
ffig^LT2 x 2©^lcffi±L*:0 (strictly non-b 
locking) X^7f%«U fLT<:©2X2©^ 
ley y^o y ^ ©Xi' y ^*«»fflMBSJ8ttr S tit 

§ <fc t» A * * N x N (D$E±\c J -y 7u y ^ © X y f-M 
40 «t5Ci*«f?5„ 

[0 0 2 0] *^M©glJ©fi!lDlSfc <fcn«\ 2 X20f">" 

^ 0 t©2X2X^7m |gl ^V9 L i;|g2^'yV 

»#£»2!WR*MIIW#fc*W i rS. C©X^y^© 

®Sf«WJ«»»**7«MSk: I2/7 >f-©«W« 
5« [002 i]«i l^a^y^ v^-©»iR«fW»«»»±, 
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Jifii/iWJif^ * wx^f ->f*iD**aN 

X N £>f§£7 *y ^tf) X^*y ^ JIJJ3 * Zfl&<D $ << 7 

[0 0 2 2] *»WOv !? ^*7l/3ie*X^y^-H: N ^OA 

* a £ » xa^fe e w± x -r ^ ^j<ofw»^««£ 

U ctifciD»«rt!l#Ift*s/XfA«i 

[0 0 2 3] 

[^W^^BS^JKfil] InGaAsP/InP 

TVZiVtt&M y^-tt. 1 x 2 Y^^^^X^ 

«YX4o£t>*2 x 2C07^fRltt^7 P ^fe'a-^o 
[0 0 2 4] S9f*WJ»«»©*V (A) tt»fc*^ * 

KiRMjmi^o4-> (A) *(ommim^ 

s ft « KtKWWS t ««& LT»frr s 

[0 0 2 5]ffli rgjjffffijtjjj ttt, ffiaoja0r*ftfl: 
*g[*iE2:«?IBi;&»$/*yu*»* (QCSE) N 

»*fttt#fit*t>*trt>©fc*-*o fflM rKiR#j»j t 
te, I?a©«^4«{t*3l*iBC'r«?Hi;aa6S/ 1 Jr;l/ 
^$?JH (QCSE) N ftS^tt^^^y^l/x-fy^oL 
$j^<£>cfc "5 »IR3&* &ct£ o T»fFT S WB S ft 

[0026] x-f^f^vfo rssjj sftfci r# 



(6) ft ^ 10-228037 

[00 2 7] mi K^^mcDfiy^)]/^^^ 1 0 

1 7^1/7- 1 4- l ^®277yf 1 4-2i:^ft 
&o ^X^ylM Ott. SCI 8©±teJp*StU £ 
OSffil 8«N+ I n PWRTftSo SSf»WW#^ 
««2 0tf*«l 8©±fc«J«**U C««2 0ti, 

70 *5l2 0|]l^ItI nGaAsP/I nP^)l^ 
W^^^JtlH^tP' (multiple quant um-wel I (MQ 
W) ) ^7^LTtt5o SUO*»Wfc43V^T«4. ffi 

[0 0 2 8] fiB^2 0(D±kl»»fflS*y^ 1 2 
f 14-1, 1 4-2©^0»l»^W«5o 

mmuHmmmz zimmi s^t^w^i o 

<0ffi*«fc}BSa*U Wll2 2©±fc79yf 1 4- 

i, 1 4-2£D^n^n^2o^?b^^o #^s§^7 

20 ^7l2tt, i»2. 2fim7?ft*tfl OOfimCiBI 

MStlftKtf»92 5 0 MmCOHftJgttOWftBlT 1 - 
/^»2 6t*»tSo 2^112 7 

^ 81 0 0 0^-V^ s X hn— Ajp<^ p+ I n G a A s 

fc£ffijg<£> H. Okayama, M. Kawahara ^cDMX^IH^a 
30 [0 0 2 9] y^V^ 1 4 - 1 1 4-2fci\ i«T 

frft<Dm*%)l /imt*§o 4-1, 14- 

2 tt % ^ttL^tl* 1 S JH*f 3 0- 
1, 3 0-2t»2»»Tf*«BWIM«|P»»3 2- 

i, 3 2-2m§c z<Dminmmw^ft3 o- 1 , 

3 0 - 2 H\ ^SiS 2 0 OiJcjfg^an, 

32-1, 32-2 temitmmmttmwmM 2 2 © ±tc 
40 jgjaanso 

[0 0 3 0] SSf««W»ff»3 0- 1 , 3 0-2, QftlR 

«»jwa5»3 2-i, 3 2-2ti N pmv> \ nvunwk 

T» J t©«3V2. 2 /xmT\ JPSttJiai finre&So HST 
«»JW«5^3 0- 1 3 0-2^, P i^InPS^)± 
Ki^37««-e*5HS«2 0 fc, mWLl 8 
CFBP^^yKJi) ^iitiT77yf 1 4-1, 14 
-2fcJ&^TS«f**ft*#*So 5Rffiat*JlPSP»3 2 
-1, 3 2-2ti: N p^^O I n P±9$^^y F1T37 
ISt^^»RIMWSSW2 2t, 1118 (T 

50 gp^*y k«) icm^nxy^-y^i 4- 1 , 14-2 
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fSSlTSo 

[00 3 1] c^cfc^atlSl 8«)^X^yf 1 

mmmm^3 o - 1 , 3 0 - 2 #5 1 - 1 . 5mm 

C0S^T\ flMm$iJM% v 32-1, 3 2-2 ti. 2 
0 0- 1 0 0 0/imOg?^Se H*f*W®gP^3 0 
- 1 , 3 0 - 2 ^ft^tUJB 34-1, 34-2^r 

#2*. <m£fcM$i oo o^xhn- ApcD P + I 

nGaAsWti fi miP^Sfbil^ <fc 9 tl^Z 

[0 0 3 2] ®iRMM#gP^3 2- 1, 3 2-2&^n 
fn±i3 6-l, 3 6-2%^ on^>^^}10 0 
0^-V^Xhn-AiS^pH- I nGaAs«8Sti \i 

t>\ y^zs?-i 4-1, 1 4-2i±m<D&^7<Dmwim 

[0 0 3 3] )^X^y^ 1 0<D8¥*ffly\ A. Sneh, J. 
E. Zucker, B.I Miller (O "Compact, Low-Crosstalk, 
and Low-Propagation-Loss Quantum-Well Y-Branch Swi 
tches," IEEE Photonics Technology Letters, Vol. 8, 

No. 12, pp. 1644-1646, December 1996 IcM^tl 

So s InGaAsP/In P»S& 1 3 0 0 n 

m^fcti 1 5 0 0 nmifif^SjfFMSTO^tCjlLT 
t^o I nGaAs/I nAl As ^mtoW^M 

cltltil 5 0 0 nm^lflftJSS^aLT^So S 
fc, AlGaAs/GaAsa, 8 5 0 n m^BfffllS 

[0034] fi#;i/— is?*— Vlc&^T^ ^ 
X-Yy^l 0^ffl^T#^gg#:/9 1 2^A*gP^2 4 
^T^ff^^V^ 14-1, 14-2 ©SKLfc 

[0035] )tfx^7f i o^fM^ym c 
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72 

79 ^ 14-1, 1 4™2CDW^ffi^^^.^tl 

[0 0 3 6] 79 14-1 ^Tcl± 1 4-2©ffllff» 
ftffi»ft3 0 - 1 3 0-2 te^*.e*lSHSf*S 

I (qcse) , ^sv^i/^;i/^«^7^v N y^;i/^ 

jaSfS6**ffl^^Tff*>n*o Q C S E Sfcti77V7^ 

&c£>^Tte, l o^yf 1 4-1 fci. 

Ccoy^y^ 14-1 <Dp§i<7> I n PS^SS/SSt*W 
»«»3 0-l fcx i«2 0^1fil 8^<fcD«^n 
/cp- i - n«^C}fi; W7X^^Ht§ c ^lc<fc ^1^ 

20 [0 0 3 7] p- i-n^>f*-K^©a8/WrXk: 
tefc^TfcJu IE^/gfjT*^{t^£j£U —Jj, QCSE 

x^^^a^teJ;SJBW**ft©WilO»IB^ J.E. 

Zucker et a\.^<D "Quaternary Quantum Wells for E 
lectro-Optic Intensity and Phase Modulation at 1.3 

and 1.55 ^m," Applied Physics Letters, Vol. 54, 
pp. 10-12, January, 1989 *#JH<Z>t to 

30 [0038] mmmmt^-Y v rmmsm^tm^m 
i4-i^ 14-2 commmmm^ 30-2 tm^ 

p - i - n ?4*~ K«BW*fc«ffi*aAU, 79 
14-1 (DJS#f*MWlff^3 0 - 1 fc««2 0 1 

8 let 5«*sna*fjK-ra p - i - n f#b& 
So c<£>*&. »e,n^«*f*Sffcttx tf^^y f^ 

40 [0 0 3 9] fcSWiRtefcb^ ^tU7l#Mlc 
±SJB«f*9Effcttx WiS-TS p - i - n K«Kfi 

tWfcifeO^Ttt. 77Vf 14-1 ttffl*f«WJ»»^3 0 
-1 t««2 0^StRl 8fci!3irtShftp- i -n 
^- F«Bft*JcjJ8/ W 7 X * S C t <fc D * > 

[0 0 4 0] *+UTWJ«Wfe:J:*JH#f**{t:©BIB 
50 &s J.F. Vinchant et al. ^<D " I nP/Ga I nAsP Guided- 
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Wave Phase Modulators Based on Carrier-Induced Eff 
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